A relativistic Vlasov-Uehling-Uhlenbeck equation for the nuclear phase-space distribution function is derived from the Walecka model through the use of semiclassical, local, and Born approximations.
The Vlasov-Uehling-Uhlenbeck (VUU) model introduced by Bertsch et al. ' for heavy-ion collisions has been used extensively in the study of the dynamics of heavyion collisions, ' particle productions from such reactions, ' 
where X is the nucleon self-energy. Since the Walecka model is an effective field theory for nucleon-nucleon interaction in the nuclear matter, we shall consider only the first and second orders in calculating the nucleon self-energy, corresponding to the Hartree-Fock (HF) and Born terms, respectively. They are shown diagrammaticaly in Fig. 1 , where the solid line denotes the nucleon while the dashed line represents either the scalar or the vector mesons. The -first-order self-energy is real and can be written as
and can be absorbed into the effective mass and momentum of the nucleon. Defining the nucleon effective mass by m (x ) = m + X, (x ), we can then rewrite Eq. (3) as
where X, is the second-order self-energy which, as shown later, leads to the collision term as in the nonrelativistic kinetic theory. 
where 8(t],t, ) is 1 or 0 depending on whether t, is later or earlier than t, on the contour. Substituting Eqs. (6) and (7) into Eq. (5), we then find 
where
Substracting Eq. (14) from Eq. (12), we arrive at the following equation: ' [Q""-(ij""X""-Q"X",)P ] +(BI""m)cP"'Tr[iG (x,p*)]= Tr[X (x,p*)6 (x, p') -X (x,p')G (x,p')] . (18) To simplify the notation, we sha]1 drop the vector meson in the derivation of the collision term and consider the scalar meson only. In the end of the derivation, it is straightforward to put back the contribution from the vector meson. In terms of the Fourier transform b, (x,p) of the scalar meson propagator b, (x, ,x2) 
( 20) where the 6rst term is the direct term while the second term is the exchange term. Interchanging the superscript ")" with "(" in Eq. (19) gives -X (x,p").
To proceed further, we introduce the local approximation at the space-time point x, i.e. , the field operator P(x) is assumed to have the following expansion: 
The function f(x, p*) is the seven-dimensional on-shell nucleon's phase-space distribution function defined by f (x, p*) = ( Ia"+(p')a"(p') I & .
From Eq. (22), we can write
We then substitute it into the left-hand side of Eq. (18) ( 26) collision term also has a similar form as that used in our previous calculations in that it contains both the Pauliblocking factors and the nucleon-nucleon cross section. According to the precedigg derivation, the nucleonnucleon cross section in the Born approximation can be calculated with the exchange of both the scalar and the vector mesons, and possibly also the isovector mesons such as the pion and the rho meson. Once the nucleonnucleon cross section in the free space can be fitted in an average way by such an e6'ective meson model, then the density dependence of the nucleon-nucleon cross section in the nuclear matter can be studied by including the self-energy of the mesons. Such studies have already been explored by Bertsch et al. ' for the nucleon-nucleon inelastic cross section and by Wu et al. ' for the kaon production cross section.
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